A sustained elevation of glucocorticoid production, associated with the establishment of insulin resistance (IR) could add to the deleterious effects of the IR state. The aim of this study is to analyze the consequences of long-term feeding with a sucrose-rich diet (SRD) on Pomc/ACTH production, define the underlying cellular processes and determine the effects of moderate exercise (ME) on these parameters. Animals fed a standard chow with or without 30% sucrose in the drinking water were subjected to ME. Circulating hormone levels were determined and pituitary tissues were processed and analyzed by immunobloting and qRT-PCR. Parameters of oxidative stress, endoplasmic reticulum stress (ER stress) and autophagy were also determined. Rats fed SRD developed a decrease in pituitary Pomc/ACTH expression levels, increased expression of antioxidant enzymes, and induction of ER stress and autophagy. ME prevented pituitary dysfunction as well as induction of antioxidant enzymes and autophagy. Reporter assays were performed in AtT-20 corticotroph cells incubated in the presence of palmitic acid (PA). Pomc transcription was inhibited by PAdependent induction of oxidative stress and autophagy, as judged by the effect of activators and inhibitors of both processes. Long-term feeding with SRD triggers the generation of oxidative stress and autophagy in the pituitary gland, which could lead to a decline in Pomc/ACTH/glucocorticoid production. These effects could be attributed to an increase in fatty acids availability to the pituitary gland. ME was able to prevent these alterations, suggesting additional beneficial effects of ME as a therapeutic strategy in the management of IR.
A sustained elevation of glucocorticoid production, associated with the establishment of insulin resistance (IR) could add to the deleterious effects of the IR state. The aim of this study is to analyze the consequences of long-term feeding with a sucrose-rich diet (SRD) on Pomc/ACTH production, define the underlying cellular processes and determine the effects of moderate exercise (ME) on these parameters. Animals fed a standard chow with or without 30% sucrose in the drinking water were subjected to ME. Circulating hormone levels were determined and pituitary tissues were processed and analyzed by immunobloting and qRT-PCR. Parameters of oxidative stress, endoplasmic reticulum stress (ER stress) and autophagy were also determined. Rats fed SRD developed a decrease in pituitary Pomc/ACTH expression levels, increased expression of antioxidant enzymes, and induction of ER stress and autophagy. ME prevented pituitary dysfunction as well as induction of antioxidant enzymes and autophagy. Reporter assays were performed in AtT-20 corticotroph cells incubated in the presence of palmitic acid (PA). Pomc transcription was inhibited by PAdependent induction of oxidative stress and autophagy, as judged by the effect of activators and inhibitors of both processes. Long-term feeding with SRD triggers the generation of oxidative stress and autophagy in the pituitary gland, which could lead to a decline in Pomc/ACTH/glucocorticoid production. These effects could be attributed to an increase in fatty acids availability to the pituitary gland. ME was able to prevent these alterations, suggesting additional beneficial effects of ME as a therapeutic strategy in the management of IR.
T he hypothalamic-pituitary-adrenal (HPA) axis is a key component of the stress response system. Its stimulation by a variety of stress signals results in increased glucocorticoid production by the adrenal cortex. Among other actions, glucocorticoids affect metabolism by stimulating the mobilization of energy stores to cope with increased metabolic demands. However, chronic glucocorticoid excess has deleterious effects and has been associated with an increase in central adiposity, insulin resistance (IR), hyperlipidemia and elevated glucose production (1-3), a similar cluster of abnormalities as those found in the metabolic syndrome. Accordingly, elevations in glucocorticoid activity, either by activation of the HPA axis or by peripheral activation of glucocorticoids have been ascribed to the development of metabolic syndrome (4, 5) .
Increased consumption of sweet meals or beverages has been linked to the generation of obesity and IR (6 -8) .
Reports on basal activity of the HPA axis in rodent models of IR induced by diet have been controversial as opposing outcomes have been determined (9 -11) . Recent studies have shown that rats treated with sucrose-rich diets (SRD) exhibited morphological and functional alterations in the adrenal cortex and a rapid increase in serum glucocorticoid levels associated with the establishment of IR (8) . However, the evolution of this parameter over time has not yet been examined.
The present study was designed in order to evaluate the effect of long-term feeding of rats with SRD on ACTH production, a hormone synthesized and released by the pituitary gland that targets the adrenal cortex for glucocorticoid production. To that end, we analyzed pituitary Pomc mRNA and ACTH expression levels and the induction of endoplasmic reticulum (ER) stress, autophagy, and oxidative stress (OxS) in pituitary tissue, given that these processes have been associated with the induction of IR (12) (13) (14) . We also analyzed the effects of a moderate exercise protocol, a common intervention in patients with IR, applied throughout the duration of the dietary modification. Finally, we determined the effects of palmitic acid (PA), a major component of the nonesterified fatty acid (NEFA) fraction in blood and a parameter altered in SRD-treated animals, on Pomc/ACTH production, autophagy, and OxS induction in the murine corticotroph cell line AtT-20.
Materials and Methods

Animals
Adult male Wistar rats (200 -250 g) were housed in groups (3 animals/cage) and maintained under controlled conditions of humidity and temperature (21 Ϯ 2°C) and 12h light-dark cycle. Rats (n ϭ 4 -6 per group) were fed a standard chow diet ad libitum and either tap water (C group) or 30% sucrose in tap water (30% w/v, SRD group). Mean caloric intake was monitored every 48h throughout the duration of the study (15 weeks 
Insulin tolerance test
An insulin tolerance test was performed on rats after a 4 hours-fast. Blood samples were collected from the tail vein at baseline and every 5 minutes after insulin administration (0.8UI/kg i.p., pig regular insulin, Betasint ® , Buenos Aires, Argentina). Serum glucose levels were analyzed with a colorimetric commercial assay (Wiener Labs, Rosario Argentina). The rate constant for plasma glucose disappearance (Kitt) was calculated using the formula 0.693/(t 1/2 ) and t 1/2 was obtained from the slope of the least square regression analysis of plasma glucose concentration during the linear phase of decline (15) using GraphPad Prism 6 Version 6.0c Software (GraphPad Software, California, USA).
Moderate exercise protocol
Exercise training sessions consisted of running on an adapted motorized treadmill. In order to prevent possible distress due to the novel environment, animals were placed on the treadmill in "off mode" (10 minutes/d) one week before the initiation of the studies. Training was performed between 8:00 and 12:00 hours at 13 m/min throughout the study. Training time was adjusted weekly, starting with 1 minute/d and increasing gradually (1 minute/wk) to 15 minutes/d on the 15th week after the initiation of the dietary intervention. Selected animals that initially refused to walk were encouraged by gently tapping their backs and subjects reluctant to perform exercise were excluded from the study. The control-sedentary (C-S) group was transported to the experimental room, handled exactly as the experimental animals were and maintained in the turned off treadmill for 5 minutes. The exercise protocol was terminated 48 hours before they were sacrificed.
Tissue and serum samples
Animals were killed by decapitation, between 09:00h and 10:00h, in order to minimize circadian variation among groups and trunk blood was collected. Anterior pituitary glands were excised and tissues were homogenized in50 mmol/L Na 2 HPO 4 pH 7.4, 0.2 mmol/L EDTA, 100 mmol/L KCl, 1X protease inhibitor cocktail (Sigma-Aldrich, Buenos Aires, Argentina), or TRI reagent (Genbiotech, Buenos Aires, Argentina) for RNA extraction.
Biochemical and hormonal measurements
Corticosterone levels were determined in serum samples by RIA after dichloromethane extraction, as described previously (16) . The minimal detectable concentration was 0.3 ng/ml and the interand intra-assay coefficients of variation (CV) were 5.9% and 4.9% respectively. Plasma ACTH levels were determined using Immulite 2000 ® (Siemens, Erlangen, Germany). The minimal detectable concentration was 5 pg/mL and interand intraassay coefficients of variation (CV) were 10% and 9.5% respectively. Fasting serum glucose, triglyceride and NEFA levels were assessed by colorimetric commercial assays (Wiener Lab, Rosario, Argentina and Randox, County Antrim, UK, respectively). Serum insulin levels were determined using a commercial ELISA kit (Alpco Diagnostics Insulin (Rat) Ultrasensitive EIA, Salem, NH, USA).
Quantitative real time-PCR (qRT-PCR) assay
Reverse transcription was performed using MMLV reverse transcriptase (Life Technologies, Argentina) as previously described (17) . Amplifications by real-time PCR were carried out in a Rotor-Gene 6000 Corbett Life Science Real Time Thermal Cycler (Corbett Research, Sidney, NSW, Australia) and quantified with the Rotor Gene 6000 Series Software (version 1.7 Build 40, Hilden, Germany). Primer oligonucleotide sequences used in this study were as follows: for Pomc (encodes for proopiomelanocortin; POMC) F: 5Ј-CCTCACCACGGAAAGCA-3Ј and R: 5Ј-TCAAGGGCTGTTCATCTCC-3Ј; for Grp78 (encodes for binding immunoglobulin protein; BiP), F: 5Ј-CCGAGTGA-CAGCTGAAGACA-3Ј and R: 5Ј-GCGCTCTTT-GAGCTTTTTGT-3Ј; for Dnajc3 (encodes for DnaJ [Hsp40] Homolog, Subfamily C, Member 3; hereafter mentioned as p58 IPK ), F: 5Ј-ATTAAAGCATACCGAAAGTTAGCAC-3Ј and R: 5Ј-AGAGGGTCTTCTCCGTCATCAAA-3Ј and for Actb (encodes for ␤-actin), F: 5Ј-CCACACCCGCCACCAGTTC-3Ј and R: 5Ј-GACCCATTCCCACCATCACACC-3Ј. Gene expression levels were normalized to Actb as an internal control, using the ⌬⌬Ct relative quantification method (18) .
Immunoblot analysis
Pituitary homogenates were resolved by SDS-PAGE and transferred to polyvinylidinefluoride membranes in a Trans-Blot Semi-Dry system (Bio-Rad Laboratories Inc., California, USA). Membranes were blocked, probed and developed as described previously (17) . Chemiluminescence was detected with the ImageQuant Imaging System (GE Healthcare, Pittsburgh, USA) and quantification was performed using Image J software (NIH, Bethesda, MD, USA). For further details on antibodies see Table  1 (Antibody Table) .
Cells and culture conditions
The mouse ACTH-secreting pituitary adenoma cell line, AtT-20/D16v-F2 (hereafter mentioned as AtT-20) (19) was obtained from the American Type Culture Collection (ATCC, Manassas, USA). AtT-20 cells were maintained in Dulbecco's Modified Eagle's Medium (DMEM, Invitrogen, Buenos Aires, Argentina) supplemented with 10% heat-inactivated fetal bovine serum, 100 U/ml penicillin, 100 g/ml streptomycin and incubated at 37°C and 5% CO 2 . All treatments were performed in serum-free DMEM. Cell viability, assessed by the trypan-blue exclusion method, was calculated as % ratio of viable cells (unstained) to total cells. None of the treatments described in this study affected cell viability assessed by this method. Palmitic acid (PA) stock solution was prepared by dissolving PA (Sigma-Aldrich, Buenos Aires, Argentina) in ethanol to a final concentration of 50 mmol/L (12.8 mg/ml). On the day of the experiment, PA was conjugated to fatty acid-free BSA (Sigma-Aldrich, Argentina) by mixing PA with 4% BSA w/v in serum-free DMEM at 37°Cfor 1 hour, prior to use. Different concentrations (0.25 -1 mmol/L) of PA were added to cultures. Control cultures received medium containing 4% BSA.
Transfections and reporter assays
AtT-20 cells were seeded in 96-well plates (10 4 cells per well) and transfected using Lipofectamine 2000 ® (Invitrogen, Buenos Aires, Argentina), Pomc-pGL3 (0.18 g/well, Addgene, Cambridge, MA, USA) and pCMV-␤-gal (0.02 g/well) following manufacturer's instructions. Luciferase activity was determined using the Steady-Glo Luciferase Assay System (Promega Corporation, WI, USA). Values were normalized to ␤-galactosidase activity. In other experiments, AtT-20 cells (5 ϫ 10 5 cells/well)
were transfected with pmRFP-LC3 expression plasmid (1.44 g/ well, Addgene, Cambridge, MA, USA). pmRFP-LC3 expresses a fusion protein of monomeric red-fluorescence protein and mouse LC3, a widely used marker for autophagosomes. Two days after transfection, cells were treated accordingly, and LC3-RFP fluorescence was visualized by epifluorescence microscopy (BX50; Olympus, Tokyo, Japan). Images were analyzed with Image-Pro Plus (Media Cybernetics Inc., MD, USA). PomcpGL3 was provided by Domenico Accili (Addgene NCBI#17553) (20) and pmRFP-LC3 was kindly supplied by Tamotsu Yoshimori (Addgene NCBI #21075) (21) .
Detection of intracellular ROS generation
Intracellular ROS generation was measured in AtT-20 cells using the nonfluorescent probe 2Ј,7Ј-dichlorofluorescein diacetate (DCFDA; Molecular Probes, Invitrogen, CA, USA). Upon uptake by the cells DCFDA is hydrolyzed by esterases and rapidly oxidized by intracellular ROS to the fluorescent 2Ј,7Ј-dichlorofluorescein. Following treatments, cells were loaded with 10 M DCFDA in 1x PBS for 60 minutes at 37°C and processed as described previously (17) . Fluorescence intensity (excitation: 485 nm, emission: 535 nm) was determined in a multimode microplate reader, FLUOstar Omega (BMG Labtech, Ortemberg, Germany). ROS levels were normalized to total protein content and expressed in arbitrary units.
Statistical Analysis
All values are expressed as mean Ϯ SEM of n experiments. Differences between groups were analyzed by two-tailed unpaired Student's t test or by one-way ANOVA, as appropriate. When the ANOVA yielded significant differences (P Ͻ .05), post hoc comparisons (Dunnett or Tukey's tests) were made to determine the statistical difference between groups. All calculations were performed using GraphPad Prism 6 Version 6.0c (GraphPad Software, San Diego, CA).
Results
In the present study we analyzed the effect of feeding rats a SRD, on the pituitary production of ACTH. Consequently, we monitored plasma ACTH levels in animals from control-sedentary (C-S) and SRD-sedentary (SRD-S) groups, from the seventh week up to the 15th week of treatment. No significant differences between groups were observed in either the seventh or the ninth week of treat- press.endocrine.org/journal/endoment. However, significantly lower plasma ACTH levels were determined in SRD-S animals from then on ( Figure  1A ). The following experiments were performed in rats after 15 weeks of SRD treatment. In agreement with plasma ACTH results, decreased pituitary Pomc mRNA ( Figure 1B ) and ACTH protein levels ( Figure 1C) were determined in SRD-treated rats. In addition, lower serum corticosterone levels were also observed in SRD-treated animals compared to C-S ( Figure 1D ). Our results show that rats fed SRD for 15 weeks exhibited significantly increased fasting levels of several serum parameters (glucose: C-S: 98.7 Ϯ 5.9, SRD-S: 139.7 Ϯ 4.3 mg/dl, P Ͻ .001, insulin: C-S: 1.02 Ϯ 0.06, SRD-S: 1.84 Ϯ 0.18 ng/ml, P Ͻ .01, NEFA: C-S: 0.84 Ϯ 0.01, SRD-S: 1.00 Ϯ 0.04 mM, P Ͻ .01 and TAG: C-S: 93.2 Ϯ 13.3, SRD-S: 173.2 Ϯ 19.3 mg/dl, P Ͻ .05). Tissues are, thus, exposed to increased levels of nutrients whose metabolism may lead to the formation of potentially deleterious mediators. Either glucotoxicity or lipotoxicity could then induce cellular defense responses. As noted above, induction of OxS, ER stress, and autophagy have been associated with diet-induced IR in several tissues. In agree- cleavage, was undetectable in our experimental conditions (data not shown).
We then determined the effects of moderate exercise (ME) on the pituitary dysfunction observed in SRD-S rats. Briefly, control or SRD-treated rats were subjected to a ME protocol for 15 weeks (as described in the Methods section). Data indicate that mean individual caloric intake, fat depots, or body weight remained unchanged in ME-treated SRD groups (SRD-E) compared to sedentary controls (C-S) ( Table 2 ). In addition, ME had no effect on fasting serum glucose and triglyceride concentration, or on insulin sensitivity but significantly prevented the increase in serum NEFA levels triggered by SRD ( Figure  3A-D) .
Regarding pituitary parameters, ME prevented the induction of antioxidant enzymes and autophagy observed in SRD-treated rats but was unable to block the generation of ER stress induced by the modification of the diet ( Figure  4 A-F). Interestingly, ME prevented the decrease of Pomc mRNA in the pituitary gland ( Figure 5A ), plasma ACTH ( Figure 5B ) and basal serum corticosterone levels ( Figure  5C ) in SRD-treated rats. Noteworthy, neither SRD nor ME, alone or combined, modified the number of corticotroph cells, evaluated by immunofluorescence of ACTHpositive cells in paraffin embedded pituitary glands (quantification is shown in Supplemental Figure 1 ). In addition, hematoxylin-eosin staining did not show evidence of changes in pituitary morphology between groups (Supplemental Figure 2) .
In order to analyze the effect of induction of autophagy or OxS on Pomc/ACTH synthesis in pituitary corticotrophs, we transiently transfected AtT-20cells with a Pomcpromoter driven reporter plasmid (Pomc-pGL3) and treated the cells with the autophagy inductor, rapamycin or the OxS generator, H 2 O 2 . Our results indicate that both treatments induced a significant decrease in Pomc reporter activity ( Figure 6 A-B) .
The inverse correlation between plasma NEFA concentration and pituitary POMC/ACTH expression levels detected in vivo prompted us to determine the effects of palmitic acid (PA, C16:0), a major component of NEFA, on pituitary corticotroph cells AtT-20. Our results showed that PA treatment induced a decrease in both luciferase activity of Pomc-pGL3and endogenous POMC protein levels ( Figure 7A-B) . Further studies were performed on AtT-20 cells that were transfected with pmRFP-LC3 expression plasmid and treated with PA. Distinct red fluorescence puncta, associated with autophagosome formation, were detected 24 hours after lipid treatment ( Figure  7C , left panel). Quantification of total fluorescence intensity of different samples yielded no significant changes ( Figure 7C, right panel) . The increase in LC3-II levels was press.endocrine.org/journal/endofurther confirmed by immunoblotting ( Figure 7D ). PA also induced ROS generation as judged by increasing DCF fluorescence ( Figure 7E ). We then determined that pharmacologic inhibitors of autophagy (LY294002, a PI3K inhibitor) and OxS (N-acetyl cysteine, NAC) prevented the decrease in Pomc-pGL3 activity ( Figure 7F ) and POMC endogenous protein levels ( Figure 7H ) in PAtreated AtT-20 cells. In addition, LY294002 did not prevent PA-induced ROS generation ( Figure 7G ), while NAC prevented autophagy induction (LC3 cleavage) by PA treatment ( Figure 7H ) suggesting a causal effect of OxS on autophagy.
Discussion
We have previously demonstrated that rats rendered insulin resistant by the administration of a SRD showed elevated serum corticosterone levels after 7 weeks of treatment (8) . Increased production or local activation of glu- Table 2 . Biometric data from sedentary (S) and exercised (E) animals fed SRD or control (C) diets. cocorticoids may add to the factors that contribute to aggravate the somatic and metabolic disorders that characterize the IR syndrome. However, whether this increased production of glucocorticoids is sustained over time remains unknown. To our knowledge this is the first report showing that prolonged consumption of a SRD results in a significant decrease in both the production and release of ACTH and corticosterone, by effects exerted at pituitary level. Down regulation of glucocorticoid levels would ultimately decrease the metabolic stress induced by glucocorticoid excess attenuating the deleterious effects associated with this condition.
C-S SRD-S C-E SRD-E
Our results show a decrease in Pomc expression levels and ACTH production by the pituitary gland (and a concomitant reduction in serum glucocorticoid levels) several weeks after the establishment of IR. This impairment of pituitary function could be associated with an increased generation of ROS and the induction of ER stress and autophagy, given that changes in markers of those processes were readily detected. Interestingly, the application of a ME protocol to SRD-treated animals prevented the induction of antioxidant enzymes and autophagy, as well as the decrease in pituitary ACTH synthesis and release. In this sense, we hypothesized that those processes could be involved in the observed decline in pituitary function.
The effect of diet-induced obesity on the activity of the HPA axis has been the subject of previous studies (10, 11, 22, 23) . However, a comprehensive analysis of these reports does not generate conclusive results. Disparate outcomes were attributed to different experimental protocols, species or diets, among other factors (9) . In agreement with our results, decreased glucocorticoid levels were determined in mice and pigs fed high-fat diets (HFD) for several weeks (23, 24) .
Generation of OxS in different tissues of animals with diet-induced IR has been described previously (13, (25) (26) (27) ). An oversupply of nutrients to the cells can result in ROS generation, mainly by the mitochondrial electron transport chain leaking species of oxygen not fully reduced. Other sources of ROS include plasma membranes, peroxisomes, the cytosol and the ER (28) . Our results show the induction of antioxidant enzymes that could be the result of increased ROS generation in pituitary cells. Among other consequences, an unbalance ROS production could lead to mitochondrial dysfunction, loss of DNA integrity, protein misfolding and ER stress (29) . ER stress Pituitary glands from animals treated as described in the legend of Figure 3 were examined. Representative immunoblot images and the corresponding densitometric analysis for A) HO-1 and B) catalase. Relative mRNA levels of two ER stress markers, C) Grp78, and D) Dnajc3 (p58 IPK ). Protein levels of two autophagy markers, E) p62, and F) LC3-II, were assessed by immunoblotting (upper panels) and plotted above the densitometric analysis (bar graphs). Values are expressed as mean Ϯ SEM, nϭ3, * P Ͻ .05, ** P Ͻ .01 and *** P Ͻ .001 vs. C-S, and ## P Ͻ .01, ### P Ͻ .001 vs. SRD-S; ANOVA followed by Tukey's test. press.endocrine.org/journal/endo 
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has been also associated with obesity and IR generation (12, 30) . In particular, induction of ER stress in fructose fed rats has been reported in adipose and liver tissues (31, 32) . ER stress-induced response involves expansion of the ER protein folding capacity and reduction of the load of new proteins by a general inhibition of translation. Misfolded proteins could then be eliminated by the proteosomal pathway, but autophagy induction has also been associated with the generation of ER stress (14, 33, 34) . Autophagy is generally considered as a protective mechanism. Depending on the context, autophagy could counter balance ER stress, enhancing cell survival, or promote cell death. In this regard, pharmacological induction of autophagy in diet-induced IR has been shown to reduce ER stress and apoptosis in pancreatic ␤-cells (35) . Our results also indicate the induction of ER stress and autophagy in the pituitary glands of SRD-treated rats. In our model, induction of these cellular processes correlates with the impairment of POMC/ACTH production, raising the possibility that both observations could be related.
Exercise has been strongly recommended to obese and diabetic patients for its widely acknowledged positive impact on insulin sensitivity (36) . In rats, exercise has been shown to prevent the effects of SRD on insulin action, improving glucose uptake by muscle tissues (37) . As for the activity of the HPA axis, normalizing effects exerted mainly at adrenocortical level, have been ascribed to exercise in Zucker male diabetic fatty rats (38) . In our experimental setting, the results of the ITT suggested that insulin resistance was established in rats from both SRDtreated groups (SRD-S and SRD-E) after 15 weeks of treatment. This lack of effect of exercise on insulin sensitivity could be due to the fact that our ME protocol was much less intense than others described in the bibliography, as extreme care was taken to minimize external stressful stimuli considering that the activity of the HPA axis was under study. Regardless, ME prevented the decrease in Pomc mRNA, plasma ACTH and serum corticosterone press.endocrine.org/journal/endolevels observed in sedentary animals fed a SRD for 15 weeks, suggesting that at least in the time frame of our study, ME prevents the generation of pituitary dysfunction by a mechanism that does not affect the development of IR, as shown by the results of the ITT test. Noteworthy, none of the treatments (SRD or ME alone or combined) modified the number of corticotrophs or the morphology of the pituitary glands in any of the experimental groups.
As exercise also blocked the induction of antioxidant enzymes and autophagy, with no effect on ER stress markers, we hypothesized that either ROS generation, autophagy or both processes could be involved in the inhibitory effect of SRD on pituitary function. Given the inherent complexity of animal models we tested this hypothesis in a corticotroph cell line . In this cell line we demonstrated that inductors of OxS or autophagy, as hydrogen peroxide and rapamycin respectively, decreased Pomc-driven luciferase activity suggesting that both processes could be involved in the modulation of Pomc expression levels.
Generation of insulin resistance in muscle and adipose tissue has been associated with supraphysiological NEFA levels via the production of DAG, ceramides and OxS (39, 40) . In our experiments we found that SRD-treatment significantly increased NEFA levels. Interestingly, ME prevented this alteration, while it did not affect body weight, peripheral insulin sensitivity, or serum glucose or TAG concentration, as stated above. Regarding the fatty acid composition of the NEFA fraction, recent studies have demonstrated an increase in the levels of palmitic acid (PA) in male Wistar rats fed with SRD for 16 weeks (41). Conversely, it was previously demonstrated that acute infusion of PA, or intralipid, decreases basal ACTH and glucocorticoid levels in male Wistar rats and humans respectively (42, 43) .Collectively, these evidences led us to hypothesize that elevated PA levels could trigger a decrease in POMC/ ACTH generation by inducing OxS and autophagy in the pituitary gland of SRD-treated rats. Accordingly, we then demonstrated that PA treatment significantly inhibited POMC expression, while inducing ROS generation and autophagy in AtT-20 cells. Pharmacological inhibition of each process prevented the PA-dependent inhibition of Pomc transcription, thus suggesting their involvement in the effect. Additionally, as inhibition of autophagy did not prevent ROS generation, while antioxidant treatment precluded autophagy induction, a causal relationship between ROS generation and autophagy induction by PA treatment is suggested. Yan et al also demonstrated the induction of autophagy by oxidative stress in Goto-Kakizaki rats (44).
Our results showed a decrease in Pomc mRNA levels in pituitary glands obtained from rats treated with SRD for 15 weeks. An impairment in Pomc mRNA transcription (by factors affecting the basal transcription rate or the negative feedback by glucocorticoids), as observed in PAtreated corticotroph cells, or a decrease in the mRNA stability could account for the lower Pomc mRNA levels observed in our experiments. Additional changes in the pituitary proteolytic activity of POMC specific convertases, as reported in the hypothalamus of rats fed HFD (45) or other post-translational mechanisms cannot not be discarded based on present results.
In summary, our results demonstrate that SRD induced a decrease in basal POMC/ACTH expression levels and blood ACTH and corticosterone concentrations after several weeks of treatment. A moderate exercise intervention, applied from the beginning of the dietary modification, prevented the pituitary dysfunction and also the generation of ROS and autophagy induced by excess nutrient availability. Our in vitro studies also demonstrate that palmitic acid treatment of corticotroph cells can reproduce the decline in Pomc transcription via a mechanism that involves OxS-induced autophagy.
Although the decline in glucocorticoid production could attenuate many of the characteristics of the insulin resistance state, care should be taken to prevent adrenal insufficiency, a potentially dangerous condition that leads to an inadequate response to stressful stimuli. In this sense, ME has proven to have a beneficial preventive effect. Future studies will focus on ME as a therapeutic strategy once IR has been established.
